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1
SPENT GRAIN FUEL PRODUCT AND
PROCESS

The present invention generally relates to a fuel product
made from grain, preferably spent grain such as that which
is a byproduct of brewing. In addition, the present invention
relates to a novel and improved process for making a fuel
product from spent grain. The present invention also relates
to the novel use of such a fuel product of spent grain as a
primary fuel for a steam boiler such as could be used in a
brewing process.

BACKGROUND OF PRESENT INVENTION

Spent grain from the brewing of alcoholic products has
been used as a food product such as cattle feed. In some of
the processes used to make the food product it is known to
reduce the moisture content of the spent grain through press
and/or drying operations. Although there have been some
attempts to use spent grain as a major part of the fuel used
for a steam boiler, such attempts have been unsuccessful due
to insufficient or failure of combustion and excessive smoke
produced thereby. Although there have been successful
attempts to use spent grain as a minor part of the fuel for a
steam boiler, attempts to use spent grain as the sole or
primary fuel have been unsuccessful due to insufficient or
failure of combustion and excessive smoke produced
thereby.

OBIECTS OF THE PRESENT INVENTION

A primary object of the present invention is to provide a
novel fuel product made from spent grain and a novel and
improved process for making this fuel product. Included
herein is such a fuel product that can be used in a steam
boiler or other combustion chambers in conformance with
present day environmental and emission laws and regula-
tions. Further included herein is such a fuel product that can
be successtully used as the sole or primary fuel for a steam
boiler used such as in brewing.

A further object of the present invention is to provide a
novel and improved process for making a fuel product from
spent grain using machines or devices that are commercially
available in industry.

Another object of the present invention is to provide heat
for a brewing process using a steam boiler fueled by a novel
fuel product made from the spent grain byproduct of the
brewing process.

SUMMARY OF A PREFERRED FORM OF THE
PRESENT INVENTION

In one preferred form of the present invention, a fuel
product is made from the spent grain byproduct of a process
for brewing beer from malt and other grains. During or after
the brewing process, the spent grain is processed to suffi-
ciently reduce the particle size with the median particle size
preferably in the range of 0.25 mm to 0.6 mm with less than
1% of the grain greater than 2 mm. The wet spent grain is
pressed on a mash filter press to reduce moisture below
sixty-five percent (65%) and reduce soluble sugars and
proteins. No longer needed for brewing, the spent grain is
next dried to reduce its moisture content to ten percent
(10%) or less by weight. The spent grain is then moved
downward through a combustion chamber of a steam boiler
and is agitated or vibrated during its combustion to further
break up the structure of the burning spent grain thereby
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preventing the formation of a solid mass of spent grain
which will prevent sufficient combustion.

DRAWING

Other objects and advantages of the present invention will
become apparent from the following detailed description
taken in conjunction with the attached drawing which is a
schematic flow diagram of a preferred process of the present
invention.

DETAILED DESCRIPTION

The present invention provides a novel fuel product made
from spent grain that is processed to change its composition
and structure in order to sufficiently increase its combusti-
bility to allow it to be used as a fuel product in accordance
with air quality standards and other environmental regula-
tions and law.

In one preferred form of the present invention, the spent
grain is primarily malt byproduct of a beer brewing process
shown for illustrative purposes only in the drawing. During
brewing the grain is first crushed or pulverized by a hammer
mill 10 to reduce it to a finely ground particles whose
median particle size is generally within the range of 0.25
mm to 0.6 mm with less than 1% of the grain greater than
2 mm. The preferred, median, particle size between 0.25 mm
to 0.6 mm means that fifty percent (50%) of the grain
particle mass is greater than and fifty percent (50%) of grain
particle mass is smaller than the median size. Pulverizing of
the grain reduces the binding and adhesion among the
elements of the grain which normally serve to solidify the
grain into one cohesive and air-impermeable mass upon
combustion. It also increases the surface area of the particles
to facilitate the reduction of moisture and increase combus-
tibility. In one preferred form of the present invention, the
mill used in this instance is a Meura ClassicMill model
CLMS3 fine grinding hammer mill with horizontal shaft. This
grinding process to obtain the desired particle size, for
combustion, can be accomplished before or after the brew-
ing and drying process, prior to combustion. Any other
suitable device may be used to pulverize the grain.

After pulverizing, the grain is moved such as by a drag
chain conveyor to a mash vessel 12 and hydrated from which
the resulting hydrated grain slurry is moved such as by a
centrifugal pump to a mash filter press 14 where it is pressed.
The latter process reduces its moisture content below 65%
and removes soluble sugar and protein contents which act as
adhesive during subsequent drying of the spent grain. With
these compounds reduced, the tendency of the grain par-
ticles to establish cohesion and structural integrity during
subsequent drying and burning as a fuel will be significantly
reduced. The fact that the spent grain has been pulverized,
also enables the filter to be a cloth through which the
moisture passes when the spent grain is pressed on the cloth.
The latter also reduces the energy needed to further dry the
spent grains before its use as fuel. In one preferred process
of the present invention, a Meura 2001 mash filter press
available in the industry may be used. However other
methods and devices may also be used to press the moisture
and other soluble compounds from spent grain as described
above. Due to the compression of the spent grains to remove
moisture, it is preferred that air pulses be directed into the
spent grain on the filter cloth before opening the filter to help
break up the spent grain cake to facilitate release of the spent
grain from adhering to the filter cloth when the filter is
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opened. The spent grain is then moved to a hopper by a
pneumatic pump from which it is moved to a grain drying
drum 18 by an auger.

The next step in the process is that the present spent grain
is dried to further reduce the moisture content from sixty-
five percent (65%) to ten percent (10%) by weight or less.
In the preferred embodiment, a rotating dryer drum 18 is
used to receive the spent grain and is rotated while heated air
in the drum subjects the spent grain to the desired drying
while the drum is rotating and the spent grain is pulled
through the drier drum by a pneumatic fan, for example. The
small size of the finely ground spent grain particles helps
speed up the drying process to reach the desired moisture
level, preferably ten percent (10%) or less by weight, in
order to increase its combustibility. A suitable dryer drum
that can be used is one made by Baker Rullman which is
readily available on the market. Other methods of drying the
spent grain to sufficiently reduce its moisture content may of
course be used. Also, grinding the dried spent grain can be
done after the drying process to achieve the desired particle
size distribution.

After having been processed as described above, the spent
grain can be stored in a hopper 20 for immediate or eventual
use as the sole fuel for example in the boiler 22 in a brewery
used to produce steam such as for heating the brew house
vessels. In the shown embodiment the dried spent grain is
moved to the hopper 20 by a cyclone 24. An auger is used
to convey the spent grain fuel into the combustion chamber
28. For combustion within the combustion chamber 28 the
spent grain is moved in any suitable manner preferably
down an inclined grate 26 through the combustion chamber
28 while the grate 26 is agitated or vibrated. In one preferred
process, a motor 30 connected by linkage 32 to the grate 26
is employed to vibrate the grate as the spent grain is moved
through the combustion chamber 28. The timing frequency
and intensity of the inclined grate agitation can be controlled
and adjusted as needed for best combustion. The angle of the
inclined grate being combined with the agitation or vibration
of'the grate helps to keep the spent grain moving through the
combustion chamber while it burns and inhibits cohesion
and agglomeration of its particles. Under normal circum-
stances, spent grain that has not been processed as described
above, when heated tends to adhere strongly to itself form-
ing a less permeable, cohesive mass which inhibits the
transfer of oxygen and heat to the interior of the mass and
thereby prevents sufficient combustion which generates
excessive smoke while also causing an excessive buildup of
material within the combustion chamber. However the pro-
cess of the present invention not only sufficiently reduces the
moisture and particle size in the spent grain, it also reduces
the amount of soluble proteins and sugars which act as
binding agents during heating which can inhibit combustion.
In addition, the vibration and continual movement of the
spent grain through the combustion chamber breaks up the
agglomerating burning spent grain into smaller clumps
thereby avoiding cohesion of the particles into a less-porous,
large agglomerated mass with insufficient heat transfer and
oxygen into the interior of the mass. In one preferred process
of the present invention a King Coal combustion chamber
may be used. The process of the present invention provides
effective combustion of the spent grain to allow it to be used
as the sole source of fuel, that is, without the need of
combining it with wood, oil, gas, coal or other combustibles.

Although certain specific steps and devices for perform-
ing the steps of the process of the present invention have
been disclosed above, it will be apparent to one of ordinary
skill in the art that other steps and devices may be used
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without departing from the scope of the present invention
indicated in the appended claims. It will also be apparent
that the present invention may be applied to grains other than
malt which is disclosed for illustrative purposes only. It will
also be apparent that the present invention may be applied to
other processes other than brewing which is disclosed for
illustrative purposes only. For example, in addition to Brew-
ers Spent Grains (sometimes termed Brewers Dried Grain or
BDG in the art) described above, the present invention may
be applied to Distillers Spent Grain (sometimes termed
Distillers Dried Grain or DDG in the art).

We claim:
1. A process for making a combustible fuel product from
spent grain comprising the following steps:
in a brewing process pulverizing grain to reduce the
particles to median particle size generally within the
range of 0.25 mm to 0.6 mm with less than one percent
(1%) of the grain particles greater than 2 mm,

after brewing, pressing the spent grain to mechanically
remove moisture and other soluble components from
the spent grain,

and drying the spent grain to reduce its moisture content

to ten percent (10%) or less by weight, and

further including the step of combusting the spent grain

and agitating the grain during this combustion phase to
separate particles of the spent grain to inhibit their
cohesion into an integrated mass.

2. The process defined in claim 1 wherein the step of
pulverizing the grain is done on spent grain after the steps of
pressing and drying the spent grain.

3. The process defined in claim 1 including the step of
pressing the spent brewing grains on a filter cloth to remove
moisture and other soluble compounds from the spent grain
through apertures in the cloth.

4. The process defined in claim 1 including the step of
subjecting the grain to a hammer mill to pulverize the grain.

5. The process defined in claim 1 including the step of
drying the spent grain in a heated rotating drum.

6. The process defined in claim 1 including the step of
applying said process to malt.

7. The process defined in claim 1 including the step of
pressing the spent grain on a filter to reduce the moisture in
the grain below sixty-five percent (65%).

8. The process defined in claim 3 including the step of
directing pulses of air on the spent grains while on the filter
cloth after they have been pressed to facilitate removal of the
spent grain from the filter cloth.

9. A process of making a combustible fuel product from
grain comprising the steps of:

removing the moisture content of the grain to a value of

ten percent (10%) or less,
reducing the size of the particles of the grain to a size
generally within the range of 0.25 mm to 0.6 mm, and

combusting the grain after it becomes spent and is
reduced in size and moisture as defined above, and
vibrating the spent grain during combustion to separate
particles of spent grain to inhibit their cohesion into an
integrated mass,

and wherein the grain is spent grain from a brewing

process.

10. The process defined in claim 9 wherein less than one
percent (1%) of the grain particles is greater than 2. mm in
size.

11. The process defined in claim 9 wherein the moisture
content of the grain is reduced to ten percent (10%) or less
after the brewing process when the grain is spent.
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12. The process defined in claim 9 wherein the size of the
grain particles is reduced to generally within said range of
0.25 mm to 0.6 mm during the brewing process.
13. The process defined in claim 9 wherein the size of the
grain particles is reduced by pulverizing the grain particles.
14. A process for making a combustible fuel product from
spent grain comprising the following steps:
in a brewing process pulverizing grain to reduce the
particles to median particle size generally within the
range of 0.25 mm to 0.6 mm with less than one percent
(1%) of the grain particles greater than 2 mm,

after brewing, pressing the spent grain to mechanically
remove moisture and other soluble components from
the spent grain, and drying the spent grain to reduce its
moisture content to ten percent (10%) or less by weight,
and

wherein the step of pulverizing the grain is done on spent

grain after the steps of pressing and drying the spent
grain.
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15. A process of making a combustible fuel product from

grain comprising the steps of:

removing the moisture content of the grain to a value of
ten percent (10%) or less,

reducing the size of the particles of the grain to a size
generally within the range of 0.25 mm to 0.6 mm,

combusting the grain after it becomes spent and is
reduced in size and moisture as defined above and
during combustion separating particles of the spent
grain to inhibit their cohesion into an integrated mass,

and wherein the grain is spent grain from a brewing
process.

16. The process defined in claim 15 wherein the grain

particles are separated during combustion by agitating the
grain particles.

17. The process defined in claim 15 wherein the step of

reducing the size of the grain particles is done after the steps
of pressing and drying the grain particles to reduce their
moisture content to ten percent (10%) or less by weight.
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